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INTERACTIVE STATISTICAL COMPUTING 
FOR UN1 DERGRADUATE 
LIBE 1RAL ARTS EDUCATION 
BECKY LINDQUIST * 
WILLIAM L. CARLSON** 
RALPH BJORK*** 
ABSTRACT- St. Olaf College at Northfield, Minnesota, has an Interactive Statistical Analysis System 
for classroom research usage. SODAS (St. Olaf Data Analysis System) operates on a Minicomputer iime 
Sharing System (DEC PDP / 1140 has 15 terminals, 64K of core, and 3 disks). SODAS is used exten-
sively by students for study of statistics, course projects, and research. In addition, it is used for faculty 
research . This system has increased student interest by involving them in realistic problems. In addition, 
student sophistication in problem solving has increased . ihe paper discusses the system design, the 
philosophy of interactive computing, and the pedagogical applications in an undergraduate curriculm. 
The St. Olaf Data Analysis System (SODAS) was designed 
to contribute to several objectives, including a broad based 
education with depth and perspective in specific disciplines. 
This implies a capability for research and problem solving 
in the behavioral and natural sciences plus an understanding 
of the application to realistic problems. Material in this 
paper indicates how student learning has been improved by 
the use of SODAS, and how it has assisted faculty research. 
Certain important problems must be resolved if statisti-
cal analysis methodology is to be learned . 
First the computational complexities require the use of 
computer programs. Many students had to spend consider-
able time learning about data entry and program control. 
In addition, the use of these commands in batch mode often 
led to considerable frustration because of keypunch errors 
or incorrect commands. The problem of interfacing novice 
users with statistical programs involved delays and consider-
able faculty and student time that might better have been 
devoted to activities with higher learning potential. In many 
cases the use of statistical methods has been avoided for the 
above reasons. Thus, some important learning opportunities 
have been lost. 
The other problem faced by St. Olaf, and other small 
colleges, is a limited computer faculty. At St. Olaf the 
small facility imposed two restrictions, terminal limitations 
and hardware limitations. There are 15 terminals presently 
interfaced to our PDP-1 I /40 of which 7 are video types and 
the rest hardcopy. The videos are used mainly for program-
ming, and the paper terminals are usually used by students 
running programs and performing statistical analysis. In 
addition, there is a ine printer that may be used for output, 
in some cases, from all terminals. 
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It is important that the time per user spent on a terminal 
be minimized. The second basic type of limitation is hard-
ware, including core memory, disk speed, and disk size. Pro-
grams must operate efficiently so that time can be made 
available for more users. 
These problems have been overcome at large universities 
and research institutions by using highly sophisticated soft-
ware with large complex computers. Since undergraduate 
liberal arts colleges seldom have either the funds or large 
numbers of students for such schools the big statistical 
systems have not been a feasible alternative. 
With the coming of mini-computers and their time 
sharing systems, such as our DEC 11/40, a new possibility 
presented itself. Our objective was to overcome the problems 
associated with student use of statistical programs within 
the restrictions imposed by a small computer facility. Several 
operating characteristics were given high priority. A number 
of different analysis and data manipulation routines are 
necessary and could be run interactively by a student with 
minimum training, from a computer terminal. It was not 
desired to spend a large amount of student time on a 
variety of computer programs or to prepare program instruc-
tions. Another goal was to allow direct access of data files by 
the entire set of statistical programs, also to avoid ineffi-
cient utilization of student time for data preparation and 
entry into the programs. In additon, several different stati-
stical routinescould be applied to the same data set. A final 
and exttremely important goal was a system that would per-
form the analysis rapidly to avoid wasting student time 
waiting for a particular analysis to be run. And slow programs 
tie up computers terminals and the central processor. 
Experience with the system over the year is evidence that 
the initial goals have been met. This conclusion is supported 
by the wide utilization or SODAS by a number of students 
and faculty in many departments across the campus. 
Description of ,the Systems 
SODAS is intended to maximize user efficiency by faci-
lating interactive data analysis. The user can directly access 
tbP rlata file and can communicate with the computer con-
versation. The importance of an interactive package lies in the 
ease of usage . The system contains prompting and error re-
covery messages which tell the user what information is ~ 
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needed or what routine is to be performed. The user is asked 
direct questions in common vocabulary. Many questions 
require just a yes or no answer. Desired results can thus be 
obtained without a large investment of learning time. SODAS 
also can be used by individuals with minimum computer 
experience. No knowledge of programming or data storage 
techniques is necessary. 
When using a batch system, in contrast to an interactive 
system, the user must prepare the data and a complete set 
of instructions before approaching the computer. If an error 
occurs, the whole job will be affected. The user cannot re-
act to intermediate results suggests a differnt analysis, the 
user wait until the job is done and then issue new instructions. 
Data entry is often more complicated in such a situation, 
too, and data storage on cards is not the most efficient. 
In contrast SODAS quickly provides the user with results 
on the terminal directly in front of him. Results can be 
analyzed quickly and the user can respond immediately to 
locate mistakes. In addition, the interactive capability allows 
the user to return only to the point of the error and from 
there after making corrections. The interactive system also 
enables a user to modify his analysis procedure in response 
to intermediate results. Consider, for example, a student who 
is running a multiple regression analysis and wishes to plot 
the residuals. UndElf a batch system he must issue the instrus-
tions to plot the residuals-as the job is being set up. It is not 
possible to avoid the residual plot in response to the regres-
sion statistics. But, with SODAS if the regression run indi-
cates thal one of the independent variables does not signifi-
cantly contribute to explained variability ,the user can obtain 
another regression quickly with the non-significant variable 
removed and the residuals plot will be obtained from a more 
relevant equation. 
When using a batch system, only one job may be running 
at a time, which implies that only one user is utilizing the 
system. In contrast several users can avail themselves of 
SODAS at the same time., limited only by terminal avail-
ability. This is important in an educational environment 
because it minimizes the time a student frustration. Since, 
different departments at St. Olaf use the system, it is im-
portant that many students be able to do various analysis in 
SODAS at the same time. 
The SODAS user can rapidly perform many different 
analysis on the same data by calling various routines. A 
multiple regression can ve obtained as well as a correlation 
matrix for all the variables. Cross tabualtions can be per-
formed on two variables while controlJing values of a third 
variable. There are also routines for plotting, for computing 
basic statistics, for two way tables and for analysis of vari-
ance. 
The original statistics package used at St. Olaf in the 
1974-75 school year was extremely slow because it was disk 
1/0 bound almost all of the time. The next summer the 
the package was redesigned and rewritten to optimize speed 
and file storage. One strategy used to achieve this objective 
was to put a limit on the maximum number of observations 
allowed, so that when a certain utility was run, such as cross, 
the varialbes used could be directly read into an in-core 
array. The array may then be used so that further disk 1/0 
is unnecessary until new variables are neede. This observation 
limit is currently set at 500 and as mentioned above a pro-
gram called master can be used to randomly sample, for 
example 500 observations out of a master file of 1,500. 
There has been a high degree of success in this approach. 
SODAS provides a number of simple routines which 
prepare data for entry into the statistical routines. Data can 
be entered directly by typing it on a terminal. observtion by 
observation, without worrying about the data format. This 
simple data entry results in fewer errors and less time in-
vested in learning how to make entries. Data editing and 
transforming are provided for. Variables can, for example, 
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be summed, multiplied by constants, and lagged . This permits 
conversion from observed to real dollars and such sophisti-
cated techniques as the almon lag. Values of individual 
observations can be changed or deleted and observations 
can be added to variables. In this way data can be corrected 
and updated. 
The system also enables the user to save data after it has 
been entered or edited. Mistakes are also minimized since 
editing needs to be done only once. 
The data file saving procedure enables each user to have 
his own data bank, which can be accessed at the time that 
other users are accessing their individual data banks. 
SODAS consists of twelve programs which allow various 
statistical techniques to be perfoemed on a set of data. There 
is a controlling program which connects to the different 
programs according to what analysis the user specifies. The 
programs are writ ten in the Basic-Plus language, using algo-
rithas which perform the analyses quickly, efficiently, and 
accurately . 
Efficiently written programs have removed feelings of 
frustration over delays, and because SODAS is much faster 
than any previousstatistical packages used at St. Olaf, 
students enjoy using the system. 
· To achieve the fast programs, it was necessary to develop 
efficeint data reading strategies, since any calculations on 
the data must be preceded by reading the data from the 
stored data bank. The programs read the data only once and 
then store data internally. The data file does not have to be 
read each time an operation is performed. 
Since multiple regression is used by many students, it was 
important to make it fast, powerful, and accurate. SODAS 
computes regressionsby inverting the correlation matrix. As 
an example of a programming strategy for system efficiency, 
the cross product matrix is computed and then held in the 
program for direct access. Another regression feature is an 
option to save, as a new variable, the expected values and /or 
the residual values. This enables students to easily plot the 
residuals without having to enter them separately. In addi-
tion, two stage least squares can be easily performed. 
Effect on Computer Center Operations 
The environment for SODAS is the St. Olaf Academic 
Computer Center, which owns and operates a digital equip-
ment corporation PDP-11/40 with 3 RKO5 disk drives, 
2 DEC tapes, 64K of 16 bit core memory, one line printer, 
a card reader/punch, an X-Y plotter and 15 terminals. The 
line printer may be used for output from certain programs 
which reduces terminal connect time. SODAS is supported 
on the RSTS operating system supplied by the computer 
manufacturer. 
The file structure of SODAS is very simple, with the 
programs being stored on the systems disk (drive zero) and 
disk drive two being dedicated to data file storage . Each 
department had its own SODAS account, which makes the 
maintenance flexible and easy to utilize since all files are 
located on a private disk pack and accessed through depart-
mental accounts. The normal user core space in memory 12K, 
but for priveleged users it is 16K. Because SODAS is the 
single largest and most used software package on the St. Olaf 
system, it has a strong effect on the whole network. Disk 
space can be used up very rapidly when a large number of 
users each want to create their own data files or when too 
many large data files are on the system at the same time. 
Some data banks used for private research are so large that 
they normally are stored off-line. Much computer center 
staff time is spent on diskfile maintenance, and files no 
longer in use are taken off-line or simply delated. The .other 
main effect of SODAS is the time spent by the computer 
center director and his staff in assisting users, in systems 
maintenance, and in writing new SODAS routines. 
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In general,- however, the academic computer center 
operations have improved because of the St. Olaf Data 
Analysis System.Many skills which would not have been 
achieved otherwise were developed, and the entire system 
has been used more effectively because of this statistics 
package. 
Comparison With Other Systems 
Interactive statistical computing is not new. There are 
several systems available on the larger computers, and 
systems are being developed for the new mini-computers. 
SODAS is an example of the later. 
An example of an interactive system for a large computer 
is the MIDAS package at the University of Michigan. 
Interactive computing routines for minicomputers include 
COSAP, prepared by Lawrence University for use on the 
PDP I 140, and IDA, prepared by the University of Chicago 
for use on the Hawlett-Packard 2000F computer. COSAP is 
similar in operation to SODAS. In fact, some SODAS design 
characteristics were motivated by COSAP. However, 
COSAP has different computational routines and lacks some 
of the data manipulation routines recently adderl. to SODAS. 
IDA was developed for use in the MBA program at the 
University of Chicago. Its computational modules are 
smaller and hence allow greater flexibility in the output. Of 
particular importance is the fact that IDA includes an exten-
sive set on Time Series Analysis routines. 
Educational Usage of SODAS 
The teaching and research implications of this paper are 
not dependent upon a specific computer 
The use of SODAS in the economics curriculum 
however, is a major goal of this presentation. ' 
The objective is to present statistics as an important re-
search and analysis tool for business and economics. To 
accomplish this goal, students are required to perform ana-
lses of cases beginning with raw data . To reach solutions the 
students must select variables , choose an analysis design, 
compute the necessary statistics, and present a written dis-
cussion of their conclusions. In this way statistics is pre-
sented as an important technique for analysis rather than as 
a set of mathmatical manipulations. 
Several years ago Professor John Tukey made the point 
that there are many more statistical problems than there are 
trained statisticians. It follows that many of these problems 
will be solved by non-statisticains. If these problems are to 
be solved correctly, there is a fundamental need for an 
u_nderstanding of statistical concepts on the part of profes-
sionals iri many fields. Certainly this is true of economics 
and business.Many students in economics and business 
unfortuna~ely, view the study of statistics as a meaningles~ 
hur~le ~h1ch must be overcome to obtain a degree. Thus, 
mot1va1Ion concerning the importance of statical under-
standing is an important goal for an economics curriculm. 
Others have stressed the importance of statistical appli-
cations in the statistical education program (Bancroft; 72) 
involve_ment wi_th real data. Hogg(72) stressed the import-
ance of student mvolvemen I with real data . Hogg also stressed 
the importance of teaching statistics to support the scienti-
fic method. The CUPM report on preparation for graduate 
work in statistics makes the following point : 
We believe that students should have 
experience with realistic examples in the 
use of the statistical concepts and theory 
in the key course. They should work with 
real data, consider the objectives of the 
scientific investigation that give rise to 
these data, study statistical methods for 
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answering relevant questions, and consider 
the interpretation of the results of stati-
stical analysis. 
Integration of statistical problems into many economics 
and business courses is being worked out at St. Olaf. This 
provides students with a number of exposures to the stati-
stical concepts and to the wide variety of application prob-
lems. The mechanism for accomplishing this integration is 
a set of case study problems oriented to various course areas. 
These problems define a situation which requires students to 
design and carry out an appropriate statistical analysis, using 
a set of data included in the assignment and stored in comp-
uter files by SODAS. The results of the statistical analysis 
are then used to answer a series of questions related to the 
courses in principles of economics, micro-economics, fin-
ance, and marketing. In addition, students in higher level 
policy courses carry out open-ended term projects using 
available economic series such as the BCD series. A research 
seminar course has also been added to the curriculum. Stu-
den ts in this course carry our independently, a semester-long 
project which may also require extensive statistical analysis 
using SODAS. 
The core of the statistical emphasis is a required intro-
ductory statistics course, which is usually taken by students 
in their sophomore year. Prior to this course most students 
have been exposed to regression analysis as an estimation 
tool in a course on principles of economics. The statistics 
course devotes approximately one third of its time to prob-
ability, random variables, and expected values; another 
third to sampling distributions, hypothesis testing, and esti-
mation; and the remainder to simple and multiple regression 
analysis. The heavy emphasis on regression is of course due 
to its importance as an estimation technique. The course 
organization generally follows therecommendationspresented 
by the Committee on the Undergraduate Program in Mathe-
matics, of the Mathematical Association of America, with 
the exception of added emphasis on regression analysis. The 
present text is Statistical Analysis for Decision Making by 
Hamburg, which was chosen because of its emphasis on the 
application to business and economic problems. The funda-
mental concepts of statistics are emphasized, and numerous 
examples are drawn from business and research applications 
to reinforce the importance of these concepts. 
In addition, several case study problems are soved. These 
problems require students to design an analysis, select an 
appropriate statistical model, perform the required computa-
tions using SODAS, and finally to write an interpretation of 
their solu lion in a form suitable for a decision maker. This 
process reinforces the importance of statistical methodology 
and in addition reveals to the students any weakness in their 
understanding. Finally, students are introduced to the use 
of the computer. Demands for question and answer sessions 
with one, two, or three students have been generated by 
this approach. 
The general student reaction to the course is that it re-
quires too much work. This is balanced by a very high level 
of student interest and almost unanimous appreciation of the 
importance of statistics to their future career interests. This 
contrasts with the previous approach when this course was 
viewed as a hurdle which students avoided. The course 
generally received low ratings when it was taught without 
the applications. 
In the microeconomics course the application of re-
gression to the estimation of demand curve paramet•~rs is 
extended to a more complex problem involving a muilipli-
cative demand function and the use of transformations. In 
addition, analysis of the resulting demand curve requires a 
more sophisticated application of micro theory . Since a 
number of students take micro and statistics simultaneously, 
there is an opportunity for further integrated thinking. The 
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project also provides a useful pedagogical approach for the 
introduction of demand curves. Regression is used to demon-
strate the real world existence of a demand curve which then 
motivates the derivation using utility theory. 
Case problems also have been introduced inio the business 
courses in the curriculm. In marketing management, student 
teams design and carry out an analysis using SODAS applied 
to a large consumer survey file. Characteristics of purchasers 
and non-purchasers are indentified and contrasted. From 
this analysis the student teams develop a product marketing 
strategy. 
In the managerial accounting course a corporate cost 
function is estimated using multiple regression analysis with 
transformed predictor variables. This problem emphasizes 
the use of theory to establish the functional foi:,n and the 
use of regression to estimate the coefficient values, Residuals 
analysis is then performed to validate the final model. 
In both of those cases the problem context is emphasized 
and the students are required to prepare a written discussion 
of the assuptions used and the resulting conclusions. The 
resulting student reports demonstrate competent analysis and 
the ability to relate their statistical analysis to the real problem. 
In upper level courses such as macro policy and econo-
metrics, students are given access to a large set of economic 
variables selected from the BCD series. These have been 
made available on computer files accessible by SODAS. 
Students select appropriate variables and time periods, and 
time periods, and then perform approriate statistical analysis 
to develop one or rmre models for the estimation and the 
analysis of economic activity. 
The implementation of this approach requires the avail-
ability of certain teaching resources. First, an effective comp-
uterized ststistical analysis package such as SODAS is 
needed to manage the data files and to perform the required 
computations. Thus, the student concentrates on the assump-
tions and design of the statistical analysis rather that worry-
ing about the numerical computations. Since this is the pro-
fessional environment usually found after graduation, it is 
important to develop a complimentary orientation early in 
the educational process. It would be impossible to carry out 
the case approach as presented without extensive use of the 
computer, which removes the computational burden. 
Another important teaching resource related to SODAS 
is the set of empirical case studies which provide non-
trivial examples of problems that are solvable by stati-
stical methodology . In addition, the entire problem-solving 
process is presented early in the curriculm. This provides an 
important orientation in a student's thinking process and 
motivates the studies. 
The third important resource is the many sets of real data 
in computer-accessible form which make possible a wide 
range of potential applications. Without these easily acces-
sible data sets students would spend considerable time and 
effort in the process of data collection, preparation for 
computer input, and checking. While these steps are obviously 
important in the total problem-solving process, it appears 
preferable to devote more student time to the more funda-
mental problem-solving phase, instead of being bogged down 
in routine detail. Another important application for these 
data files is their use in comprehensive student-design 
projects. In this regard the availability of many different 
data files allows for considerable student creativity. 
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LABORATORY,COMPUTERPROGRAM 
AUDIO-VISUAL OR LECTURE METHODS 
KARIN A. OSTRAND* 
ABSTRACT-A comparison is made of the relative learning effectiveness under several instructional 
methods: a laboratory approach, computer-programmed instruction, and audio-visual teaching, with 
the traditional lecture method as a control. No significant differences have been recorded relative to the 
different methods or sex of the students. Some indication of preference among the laboratory and 
computer groups for those activities is noted, but not sufficiently strong to be considered educationally 
significant. 
The purpose of the investigation was to compare the 
effects produced by the use of various teaching models on 
learning, using the lecture method as a control. It was hy-
pothesized that additonal learning aids and experiences 
•KARIN A. OSTRAND received the B.S. degree from Hamline 
University, St. Paul, in 1960 and the M. Ed. from the University of 
Minnesota in 1974; and was a physics teacher at Harding High School 
in St. Paul when this paper was prepared. 
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would not significantly affect learning, retention or under-
standing by the students. 
The student population used in the study was from a 
metropolitan high school of 2,400 with a socio-economic 
background from 'low to upper-middle class blue-collar 
worker families. All students in the study had taken a physics 
course as an elective. The courses were divided into general 
and advanced level classes, but for the purposes of this study, 
they were combined into one population. 
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